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ccRccccrmy hsuing a subiehbanssh oil shus to 
cj«aee raaHMTT.m a& ssbsscuykciy fkjdocb oil 

This invention relate* to rMoninr^ oil from a feirtattransan 
oil ahalo by rmmtn of A ccudactivtf hart. drive process, *tore 
particularly, tfaa invention relates to treating a relatively thick, 
and substantially ccavlately inpaocrjeable fxflnorrancua oil ehale by 
neaos of «. conductive boating praam which both creates a 
pernaabla «m within a selected portion of the oil shale and 
subsequently procuoaa shale oil trydrocerbooa. 

A pwTWbilifcy-aiclad type of conductive heat drive for 
producing oil from a subtarranaan oil shale van invented in Sweden 
by F.LJurgstroe*. That process, *hich wtai invented eboot 40 years 
ago, Has ccraoarcially uead on a small scale in the ldftOs. It ia 
described In 9wediSD Patent* K*. 121,7371 123,136? 123 f 137j 
l23 r L3St 125,712 and 126,674, In United States Patent to. 
2, 732 r 195, and in Jccxrnal articles such aai nMergzoond Shale Oil 
Pyrolyai* According to the Lj u n gstraB D Hathad*, IV* \fcl» 3d 
(1W3> Ko- 3, pagas 118 to 123, and "Net tosrgy Bocovorie* For the 
In Situ Diftlactric Hwtting of OU Shele", Oil Shale 9yjeposluni 
Proceedings 11, page 31L to 330 (1978). Id the Swedish procasa, 
haat injection wells and fluid producing veils were ocopleted 
within a perseable neax--*ur£aco oil ahala fnrmatim so that thero 
was loss than a thr ee e a t m separation bet&aan the boreholea* Che 
heat injection veils were equipped vim electrical or other heating 
olenauts which ware smcpaunded by a mess of oaterial, such oa eanS 
or caraant, arranged to txanaatt heat into tea oil shale while 
5*eventing any inflrw inq or outflowing of fluid. In the oil shale 
for which the suedish process vis designed and tested, the 
parraeaoiJity was such that, due to a contiagooe Inflowing of ground 
wrtar, a cdrtinucue povpin^oot of wear was Deeded too avoid 
wating energy by evaporating that water. 

With Te a p s ^- to substantially coopletoly iapmraenhls, 
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relatively deep and relatively thic* oil shale caprwwta, such oa 
thoe* Vn the Picwanc* IiaMn in the United state*, the pcwfn^Uity 
o£ utilizing a conductive heatiDg process tor prodweinq oil k&s 
prevlouaiy eonsitered to be — according to prior tc^idj^s awl 
beliefs — ^rsnoadcail? irireaaible. Far exawpOa, in tha 
*hw^idcntified Oil SbAlo Syupoaiua, the L^wjstroaw process ia 
characustitod a o pcoces* uhlc*t successfully recovered shale 
oil by rafcedding tubular elBCtrioai heating elrnmts within 
ttejh-sirude shfOe depoolta. This weuhod rttliod on ordinary thsml 
diffusion far ehaj.e bsdting, which, of course, reoniree iar^u 
teaperratvro gradients, ttaua, hrrtting *os very nuo-ne^ifoBno? maths 
wore inquired to fully retort, stall rooa-sita blocks of shale. 
Also, iOlCh bast 4R0rgy vans mated in txndcrtmting the xmjinm 
b*yood the periphery of the rertartjng *one aod c*«rhaau:ing the 
shale closest to tha heat saoraa. Tha latter problsa ia especially 
ijxtxartant iu Lhe case of ffttstem shales, aince UxrmL wnarqy in 
overhoarbad icw, cannot ba fully recovered by diffusion duo to 
cudothorntLc reactions which take place above abovt MO •C.* (page 
313). 

In substantially ias*ne»abie types of relatively thick 
aubtsxranaan oil shale farrntioasj tha creating and paintaiciog of 
a pcrxexbin tone through which tha pyrolysis pctadurta can bo flowod 
ha» been found to be a severe prubJaau In us Patent Kb. 3,468,376* 
it is stated (in cols. 1 and 2) that. "There are two scchanlsn 
involved in the transport of beat through the oil atetle. Heat 13 
transferred through tha aoUd (Miss of oil shale by conduction, Thu 
boat is also transferred by convection through tha solid rase of 
ail shale, sfce transfer of heat by conduction ia a relatively alow 
process. Tha average Checaul oondactivlty and average theme! 
diffoaivity of oil afaale are about those of a firebrick The aajtrix 
of enljd oil shale has ao axtteoBly lew psrjceabillty nuch Ilka 
uogLtsed pcareiairu As a xosult, the ccovcctive transfer of heat is 
UMtad to heatiog by fluid floev obtained in open channels which 
traverse tha nil stale. These flow channels ny be natural and 
artificially induced fractures, ... On heating, a layer of 
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pyxalyxed oil dial* builds adjfcaaat the channel. Tide layer ta on 
inorganic wineral antrix which cent sins varying degrees of carton. 

layer is an evcr-sspaoding barrier to bast flew firm the 
heating fluid in the channel." ire patent Is directed to a process 
for circulating heated oil shalr<pyn>ly3ing fluid through a flow 
chaone] while adding abrasive particle to the circulating fluid to 
erode the layer of pyrylyxed oil chain bain? footed adjacent to tJ» 
channel. 

Although the thanaal ccoductivity and thoaml di£fiuQ.vlty of 
nany subterranean oil shales are, in fact, relatival* eascUar to 
those of unqXwrf porcelain and firebrick, OB Patent He 3,237,689 
postulates that "a rapid aoVanca of a heat front" (Col. 3, line 7> 
cat) be obtained by mxdtmpjaq bast bsn s Bcn the oil shale and. a 
nuclear reactor cooling fluid* and deenribes systems for using such 
reactors either located on the earth's surfaca or In the oil snala 
deposit. 

as patent No. 3,2M,281 eays (at Col. 1, lines 3-21), "Iba 
pnxtoction of oil from oil finale, by haating the shale by various 
ra&ane euch as ... an electrical resistance heater ... has been 
atte&pted with little euccesa, , . . Fracturing of the shale oil 
prior to toe application of beat thereto by in situ ac*nust4cn or 
other means has bean practised with little success because the 
shale swells upon heating with ccBsoqusnt partial or oosplete 
closure of the fractura*. The patent describes a proem of 
sequentially heating (and thus swelling) the oil shale, then 
injecting fluid bo hydraulics! ly fracture the swollen sfoale, then 
repeaAdR9 those steps until a beat-stable fracture has bean 
propagated into a prediction wall. 

US Patent lex 3,455,383 describes the arramlaMm of 
partially depleted oil shale fieaoj a nts within a flow channel audi 
as a hexisoBbil fracturo being held open by the prseapre of the 
fluid within the channel. The patent discloses that if the channel 
roof is lifted to ssdntaln a flow path above such a layer of 
caplerad shale, the overlying fortwiHnne test he beet and, without 
precautions, will herd to an extent causing fractures to extend up 
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to the sorfaco of the earth, ftc patent Id flinscted to a proceaa of 
irrtaroutteni Jy reducing th» pressure on tba n*rm vitMn suctj aa 
fracture to allow the weight oi tne overtoartaj to crush and oogpaot 
the layer of depleted shale- 
5 In a significant portion of substantia] J y Iflyeggamb la and 

relatively thic* oil afaala deposits, such aa those in tba Pioaence 
Basin, a valuable resource of aXcnlniin is peasant in the fora of 
dauscnita. In OS Patent Do. J, 385, 97$, directed to roocrvorlr^ 
aixnrdnit» vela** frrw> retorted oil aaala* whlA have baan mined out 

ID froe aoch deposits, it la pointed out that, in a substantial 

absence of water, at tete^ararures of about U00 *P the dautonit* la 
cawortad to crystalline fiodiiso altpanato. Such a water-free 
retorting ceo decompose doiouita in tba shale to produce carbon 
dioxide , calcitn, and vjaonsslis oxine so that lagncslue oxide 

IS cenbinaa with part of tba ailicco dioxide in tba ahale, in a aanaar 
permitting a higher recovery of the alurdnlua valuta by a ir****^ 
process. US Patent No. 3,502,377, directed to utilising solution 
mzaog to recover dsweonlte, indicates that where tba pyrolysis is 
affected by an aqueous flrrLfl, such as stast or the product* of 

2Q icdar^roaoi cotcbustlon, it east be ccoducted at a low teorjeretur* 
sod thus relatively alowly, to avoid converting the dowscnita and 
othar aolifcle alurdniaa ooopoend s to an insoluble satcrlal such aa 
amlcit*. In OS Patent to. 3 ,57? ,839, a slnllar relatively low 
tecrerature pyrolyeia la altornatad with infections of an qq ^w 

IS alkaline fluid containing an acid-insoluhla chelating agent to aid 
in leaching daeeonite without rbrjriog such Insoluble oaterialB. 

the present invention relates to a process for conotetively 
heating a aobtanan ean oil abale fbanrtion in a tenner arrang ed for 
producing oil frca a ttsscerrencan oil shale *rrMm whioh is, 

30 initially, wjbetantially ixranaoeable. in a ccradsuu s with this 
invention, tba portion of oil abale deposit to be treated is 
selectuJ, on the basis of the variations with depth in the 
coroositlon an properties of its ocarjanenfca, to have properties 
capable of interacting in a racner which enhances the mil fatuity of 

35 the beet fronts to an extent liiDiting tba tine and energy 
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«*P*aditures producing the oil to values equivalent to lass than 

the value of tit* oil whlca 1» produoed. The selection of the 

tre*t**nt inttrval i* based 00 the gra.de and tblekeeea o£ th* 

portion of oil ebai* deposit to b* treated and toe enhancement it 

providaa amounts to re duo tog the amount of beat energy lost due to 

exothermic aide reactions and increasing the anoint oi oil 

recovered fro* a given grade of oil ahale. 

In accordance vitb this invention at least tvo valla are 

cenpLeted Into a aubterraneaa oil shale treatment interval which 

le substantially iaperveable, contain* substantially no noblle 

water , Ii it least about 30 a thick, la capable of confiding fluid 

at proeeea proaevre, at least substantially within the treataant 

interval, and contains a grade aod thickness of oil ebale such 

that the average grade in gellona of oil plus gaa equivalent par 

too by Fiaoher Assay le at leaet aboot 10 and the product of the 

grade tinea the thlckaees in autre* of the oil thai* la at least 

about SCO. 

Thus, the present invention provides in a process lo 
which cU is produced froa a aubtorraaean oil shale deposit by 
extending at least on* each of hent-injweting and fluid-producing 
wells into the deposit, establishing a beat-conductive fluid* 
impemaabl* barrier between the interior of each heat- injecting 
well and the adjacwot deposit, and then heating the interior of 
each heat-injecting well at a teaparatuxe euff ieieot to 
conductive ly heat oil whale heregen and cause pyro lysis products 
to form fractures within the oil shala deposit through whleb the 
pyrolyals products are displaced into at least one production 
vail, an ioproveneat for enhancing the uniformity of the heat 
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fronts noviog through tha oil ehalc depoeit, which aoepriseer 

deterainiog variations with dcptb in the exposition and 

properties of the oil anaie deposit; 

computing Mid heat-injectiog And t luid-pxoducing v«n« 
selectively into a treataent interval of oil ehale in which 
the oil shale deposit <e) is ex least about 30 m thick, (b) 
ie substantially nonerasable and free of wobile water, 
(c) bee a coaposltioa and thickness each that the product of 
tbe a^exage rischer Assay grade tines the thickness of the 
treatment interval la at least about 900, and Id) thereby 
contains conponcnts capable of Interacting in a uanner 
enhancing the uniformity of a front of conductively 
transmitted beat, with said wella being arranged so that, 
at least substantially throughout said treatment interval, 
the well boreholes are substantially parallel end are 
separated by oubetantlally aqual distances of at least 
about 6 mj and 

within the interior of each heat-injecting well naintalnlng 
an average teaperature which, selectively along said 
trsatnent interval, is at least about 600°C, but ia not 
high enough to themally damage equipment within the well, 
while heat la being transmitted, away f roa tbe veil at a 
rate not significantly faster than that permitted by the 
thermal conductivities of the earth formations adjacent to 
the heated interval within the well. 

In a location in which a subterranean oil shale aay 
contain portions which axe generally suitable for ose ee a 



treatment interval (as described above) but are ape to fa* 
P*rna*t«d by substantially disconnected natural fractures and/or 
Planes of weafcness as veil as btl&g located iu«r bounderiee of the 
oil recovery pattern and/or near a potentially active aquifer, the 
operation of the present proceso cm advantageously be combined 
with a use of "guard wells" located near the periphery of the oil 
recovery pattern and/or between a production well and an aquifer. 
Bach guard veils are extended at least substantially throughout 
10 tbe vertical extent of the treatment intervale o&d the adjacent 

formation* are initially heated by thermal conduction lo a sanner 
similar to that enplcyed in the heat- injecting wells, except that 
tbe guard wells are heated at temperatures vbicb are too low to 
gasify significant proportion of tbe oil abal* organic components 
but are high enough to cause a significant tbersal erpeaston of 
the rock matrix of the oil ahale deposit. 

in soae instances, It amy be desirable to maintain seen 

a 
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relatively lew tanperatnre guard won haating thrcugtvaat at least a 
substantial portion of the shale oil recovery procaaa. in otter 
instances, altar an initial relatively lav taotjvratura heating of 
tfaa guard m»11s, it x*y us odvantagaoufl to heat guard walla at 
5 about the temperature selected for the heat-injecting walls, in 

ordar to expand the pattern of walla £ma which oiJ is diqplADad by 
ttetnal QOfriusticn. 

Aa used heroin regarding the grade or the portion of oil shale 
to ba treated, the "averag* grade in gallons per tee fay Fischer 

10 Assay" refers to tha folloviagr Tha debaraination is or is 

equivalent to a detaminaUon conducted Substantially a* described 
is tha Standard Taat Isrthod li 3904-60, Ousted raw shale ia 
aaqpled by riffle-spUttiug. The datamation of tho woxxt of oil 
plus ga* equivalent available- fron ail shale is rate by heating tin 

15 raw shale fxuai ambianfc C«qperaturc to 505 *C in caat aiucinine- 

alloy retorts. The vapour* diafcUled from tte sccpla ara coolad and 
tha condensed fraction ia collected, Ths oil and water fractions 
ara separated, tha *afeer voluaa <onn*wrtad to weight equivalent) is 
uaasored end «nhtractad fro* the oil plus water weight. Ov» weight 

20 of pnoon rVwwahla gases evolved ^gasa-plus-ln») is than calculated 
by difference. The grade, oa used in the "grade tines thickness in 
metre* of oil shale* product, ia tha gallons of oil plus 
hydrocarbon gas equivalent cor re spon di ng to tha total weight of oil 
pins hydrocarbon gas evolved by tha heating* 

25 walla are completed into the braateant interval and ara 

arranged to provide at least one each of heat-injecting and fluid- 
proiocing walls having borehole* which, Bobatantially t hr o ughou t 
the troataant interval, are aobstantiaUy parallel and ara 
sepaxated by substantially equal diatancaa of at least aboot 6 ql 

JO In each Isaot-ijrjectdng vail, wfcstantlally throughout tba U e eua a iL 
interval, tho well-euzxoanding face of the oil shale fbcxartion is 
sealed vith a solid Material and/ox csnent which is relatively heat 
conductive and substantially fluid ieyatsaafala . In each fluid- 
producing wall, substantially throughout tho UaaUuail interval, 

Jo fluid oassnnicetion ia Ascablished botwoon the wall baxahola and 
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trxa qU ahale foamfttlcc anj the well, is arranged tor prakdng 
fluid rroxi the oil tfvilo fornatixm. Hie interior of each 
heat-injecting wdl is boated, at Inst eobetanHaUy tteaigbcut 
ti» trcbtxvnt inbnvai, at a rate or rate* oapabla of (a) 
increasing the tauysrwtqre within the borofcolA intarimr to at lease 
dxxjt 600 *C and (b) xaintalning a borehole interior terxaerature of 
at least abort 600 *C without causing It to be ma high enough tn 
thcvomlly daagi aquipewajt within tf* borahole vttLLe the rate at 
which haat la. gansratad in the borehole ia stxaetaotJ*)!? equal to 
that permitted by the feat arofectivity of the oil whale forte U on. 

in « preferred entodLssuit of the present proceaa, the arterial 
for scaling the face of the oil ehals tend ion along che borebolo 
of at. least one beat-injecting vol I la a dosed bottra remng 
granted by ocoomt arranged to fill svfcetantially all of tha spaa* 
batxsan each oQtexnD«t uwtaUic elesent present within tbo lcrtt>Hr>r 
of ths borebola and the adjacent face of the tail shale fonretion, 
with said canent having a ttvnal oondbstlvity at least 
•obetentlaily as high as that of the oil shale fioaaetion. 

D etsa g a i net iflifl are xade of variations with depth in the 
caepaaition and properties, of the oil shale deposit and, in a 
particularly preferre d procedure, baaed on the variation with depth 
in tha heat conductivity of the oil shale deposit, the heat- 
injecting wells axe heated so that relatively higher te^ereturoe 
are applied art depths adjacent to portione of tha oil shale deposit 
in which too beat co nd u ct i vity is relatively low. In addition, ox 
alternatively, in varims situations, the effective radius of at 
least one heart-injecting weU is incre as e d by creating an expended 
portion of the veil borehole end extending heat-conducting wstal 
eJenents fron within the heated veil interior to near the tall of 
tha expended portion of the borehole* 

Tha prssent p rocess is valuable for use tdthin a toaatsen t 
imjexval of oil shale vbich contains other valnanle xanerale such as 
dawsonioe and/or pahoolite, in each a situation the present peooe&a 
creates a persrehl* coca which ia selectively located, within the 
treatnenfc interval and substantially %dt*rin the botsodarics of tho 



wen pattern u&tJ ibr the oil prociacticcu The resultant pczaaable 
7jrr *> U a 3COM from which aoch other orincrale can ha arOntlorv- 
sdned* 

In general, the present invention is applicable* to 
5 cubttnntimJly any afctctrmean nil anal* deposit containing an 
interval of eifeetenHally lnpuca&abl* oil eha]* which is 
aub«ta&u:Ully trco of wofail.e Kafcer, is *urc than about 30 tt thick, 
and ha* an adequate cwftr^ grade In gallons per tm (Fiecher 
Assay) to give a gndo-thio)oiA0» product of about 900 or greater.. 
10 Ths average grade of the heated interval should be greater than 

aboot 10 galloon par ton [Fischer Assay). Within these InwOaticne, 
a hicjhsr giadc- thickness product is increaeingly desirable if other 
oanditione such es depth maaln the eeae. 

UV5 invention trill new be explained in grater detail with 
(5 TefieTtexQ bo the aooaeeje nying drawings, in vhiohi 

F4gnr* 1 shows a plot of relative rate of return (BR) for 1982 
IS dollars invested In installing sod operating the procoss of tba 
prosont inwentioD/ as a function of oil shale grede-thic*cncM 
(GOT product, to produce «hAls oil at its 1)82 veine, 
20 Figure 2 illustrate* a plot of thsraal profiles at an 

dbsarvation well regarding tejajsraturss naaeured at different 
depths (D) and tine within that vail. 

Plgure 3 is a plot of the radial thsraal profiles at the 
fldddla of a heated cone alter different tizw of heating. 
25 Figure 4 is a plot of tteml conductivities parallel and 

porpendioular to the bedding planes of an oil shale as a function 
of tcnpcr&tsursu 

Figure S is a graph of Jlaober Aeexy yield with depth CD) In 
and abovtb a nested portion of subcerTsnsen oil shale. 
30 Figures 6 and 7 are plot* of horizontal and vertical 

tirtperafare profiles within a heated portion of afcbsxzansan oil 
shale formation. 

Figure S is a echeaetic illustration u£ a rnrHm of a well 
ccopletion errsna s mi t rattablo for practising the pi ■eeiit 
35 invention. 



wall pattern used for the oil production. The resultant jwrnoafala 

i.s a torn £xoo vhirfj *nrh other Mineral* can ha snlatlgn- 
aaned. 

In general, the present invention is applicable to 
5 sn hs f . -mHal ly any subterranean rdl Ahal* deposit attaining on 
interval of substantially Iny^mwbla oil ahal* which is 
aubai^Ually £rco of eofaile Kaoer, is sure than *nut 30 xt thick, 
and has au adequate average gxade In g»H<™« par tta tpim&mr 
Assay) to give a grsdsHthicknaea proJuct of about 900 or greater. 
10 Ths AVoroex grate of the baated interval should be greater than 

about 10 gallons pax ton (Fischer Assay) . Within theaa lbiUaUcns, 
a hicjhar grade- thicknaea product U increasingly desirable if other 
condition* auch as depth rcnain tba ssa. 

Shfi invention will new be explained in greater detail with 
(5 reference to the aoooopanying Atavisms, in vhichx 

Figure 1 shows a plot of relative rate of return (BR) for 1982 
US dollars invested in installing and operating tba pxocoss of tba 
prosont invention, as a fanctioa of oil ehale grads-tMcfcoesa 
CGtfZH) product, to prodoce sbals oil at ita L982 veloe, 
20 Figure 2 illustrates a plot of thernal profiles at an 

observation well cegardijtg b e tpsratu gee neaaqred at different 
depths (D) sod tieee within that vail. 

Figure 3 is a plot of the radial thesnal profiles at the 
ndddla at a hea ted sene after difflarwut tixvja of heating. 
25 Figure 4 is a plot of theml conductivities parallel art 

pcEcpandioOar to the tedding planee of an oU stale as a function 
of tenperature. 

Figure $ is a graph of Fischer Asesy yield witt depth (D) in 
and abewa a basted portion of s ubterran ean oil shale. 
30 figures 6 and 7 are plots of horizontal and vertical 

tenperature profiles within a heated portion of subfcexxaraan oil 
shale ftanetion. 

Figure 8 is a echaaetio illustration of a portion of a wall 
ccts plet icn arranoeririt sol table for practising the preeent 
35 inrottim- 
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tar aand, t/hngstrosi tested enafc tha in *itu neating and 
pyroly*ing shooljd bo dona in a portly of the ije^urneablo ttoxnartion 
which is vertically contiguous to a weU-bttur cucrsctiDq fracture 
or a layer which boa different geological character and is 
3 pra^bLe to flow of the fluid products of tbe heating or 
pyrolyai*. 

Contrail' to Una iipUcatiana of such prim- tsschings airi 
beliefs, applicants foaoovurad that the presently dsEcribed 
core*jctive haatiog process Is eMiwdaelly feasible for use in a 

10 substantially iRpermaabla subterranean all shale* Thic id not 

obvious, particularly in viw? of the fact that tha present process 
uses a ouch larger well pacing than thet used in tha Swedish 
process and tha present process is concocted by heating tha 
injection veils to tanperatures of at iMurt about 600 *C J although 

15 600 *C baa baen said to be conducive to an uoazxdxzaij untenable, 
heatHiaMting, anbtheznic rssctionr, see tbe Oil Stela : 
Proceedings mentioned above). 

By means of laboratory and field test : 
Btfith a m i tjcm l nodeOa of the present pioooaa, applicants have found 

20 that whoa tha wells ana spaced, cosplsted, and operated as 



presently described, the only region in which beat energy is 
utilized in on endotharjoic reaction ascents to lass than about 11 
of tha an* to be heated, and the energy lost in that fashion is 
insignificant- Applicants have taaa&urad the rate at which 
25 substantially iapocoaabls oil shale fonaations ara basted by 

conductivity, and have datraoxed the aacuot of host rsquirsd for 
pyxolyiing karogsn and thsxaeOly prassurisiog the pyrolysie 
products to pressures oepabls of factoring a mlativsly deep oil 
shailai ffo mat lo n and tbanamlly displacing pyxolysis pcodtete through 
.30 tha so-created perxeablllty. 

One data obtained by such o*aaaxsosnts in tbe field and in tha 
laboratory haws bssn esployed in calculations nf poser regulxc- 
ssrts, soancodes, tin to start pmVrtlnn, project duration, 
aoount of production, etc., in satbecBtioal sisilatiom that 
33 oorxsdata wi«i the field and laboratory data and icdicata the 
of such factors in naspast to a full coal* process* 
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Thorn calculations indicate that the presently cte&jiert pcocww ijr 
tha only ahaia o\\ ymrtnrtinn prwesa of wht.cn cqvlicanta aro aon 
which is capable of cctramically obtaining oil Crca a relatively 
low grade oil dials tonnatl/jn, such as on* in which tha Fischer 
Assay is only 15 gallon* or 1am per too, Thia capability can 
tncrcastt tha petroleum nwervca of • «2^iflonnt proportion of tha 
oil shade land* by a ja±ox of six. In acWicion, with respect to 
processec for urete?giCADVd waning and Modified in titn ratnrting oi 
oil utaJe, tha pmaent proem aic^ifioaatly increaroa tha araxrtt 
of available xescurcea by eliatinnting tha baud tor support pillar * 
and imorturden between adjiing zonea and by providing a rams fur 
treating snbstantially all of a very thick Interval of oil shale. 

B» present process can adrantAgcouwly be Applied to ao oil 
anal* £c*natwxi in which there is iiignificant concentration oi a 
nanaral such aa aaeroanita or nabcclita. In such a toaation the 
prooaaa providay « perncflbla acne den which *uch a ttiaeral can be 
reoovarad. in addition r the praaant process ia particularly 
a**ntagacps in ctawarting daweonita to wator-aolcble compounds of 
alia mn h n (prcbabiy tho-aianina) which have baen {both dmdcaUy 
end physically) irarte available fox aolutiao-aining to prodnce the 
nlin ri n im — no asaantlaJL tiatorial which is in abort acfply within 
the aiitad States. Id contra st to tuny previously proposed 
processes, tha process of tha present indention retires sub- 
stantially no watarr, involvaa mm«l lard diaruption, and can ba 
ccnAictad with minim atamspheric pollution. 

Figure 1 ehows the ralartiva rata of rwtum for 1982 US dollars 
invested in installing and operating tha j» process in field 
applications that have been aathamtiCBdly acoallad frcn data 
obtained by f lelfl and laboxatory laiiwin t\nt\\l y 
HCTgLE 1 

A Dories of injection and production walla in drilled into an 
oil *hale fboution 4B a in thickrcss with 120 a of o e etfe u rrten* lha 
average oil grace) of the iittarvni is 20 gallons per ton as ctetar- 
alnsd by fleeter Assay. 

Tha «eU pattern ia a sapse - atm with each heat injector ab 
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the comer, of a regular hexeqoo saOTonfling a oaatral ptoAadiicr 
wall. The spacing la 22*5 * between producers md 5nJcc*ora. The 
pattern r^vti with ptodjccra ybnring the iojectnre in eaob 
direction and continue* to torn & field-wide pattern capable of 
5 producing a large qpamtity of oil. The iniectoc-to-prooumr ratio 
a^roache* 2 to 1 its a large tiedd. Tn ftonpla 1 tfaa tntel oil 
pxodoctifiP is 23 f OO0 barrel* par dsy thxoughOJt tbo lifu of thu 
project. 

Tfc* injection weUa electrical baatara are can ej nted into cto 
JO formation and connected to a power souroo on tbo aorrece. The 
production walls axe oquinaed.vitb etandard oil field perpa for 
lifting the produced oil to tba surface The electrical injection 
r«to ia 3.23 x 10 6 TBU/%*>U per day. Tha tertoexwtsre erf the 
injectors attain* 750 *C. lhe prodoction veils reach e terednml 
is tenpejrature of WD *c after 33-34 year* of operative. Pro4x±icn 
over tXU period averages 5-6 bamala/day per well, with the 
average auriber of active prefacing welle being fro* about 400 D to 
5000. 0o*t conaueption ia 1.1 x 10* ffio/baxrcl of liquid oil 

20 Caaerrje prodocts collected froe the proViction walla ray be 

utfed for nrw.be generation of eiootricity or other pnqpoeaa. Ttm 
oil-phiao potrolcut which ia «o probnoad Is superior to con- 
ventionally retorted ahala oil. The ralatiwe rate of return which 
can be OTprrrad from the feaaple 1 oitoittiori is illustrated by tba 

t$ *BC 1" aitartioD designation on Pionre 1. 
EXAMPLE 2 

A eeriea of injection and production wells are drilled into ao 
oil shale foraatlon 225 a in thirJmeae with 300 n of overburden* 
The avmcaqm grade of the oil shale Interval ia 26 gallons par tm 

:to an deternf j»ed by Fischer aaaay. 

Tb* *rOl pattern ie the aaaa seven-apot dascribed is Bxanple 1 
exoisjft the epeciog ia 13.5 » between walls instead of 22.5 m. Total 
provocation ia 25,000 barrela/day tajoqhoat the Una of the project. 
The injector to producer ratio ■till xpproaohM 2 to U in the 

33 wells, the beaten and production ao^iiraaant ere eiadXax to thoee 
daecribed in >*as?lr> L 
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'A* •OectrlOttl injection rate is 10.55 x 10* JOT/well par rtay. 
Too in}«cticn well tenporatuzes r**ch 750 'C sod tbe productive 
wells reach a final tc o yc raturs of 300 p c After a paccAwtlm life 
of *-10 years. Production over this poriod averages 42-43 
barrel fi/<fcy per wull, with the average mut*tr of active pnotei ng 
%*lls being abcut 600. Qm heat censucption la 5,6 v iq 5 OTWbaxrel 
of liquid oil pro&wodu 

As in ftpaqpla I, gaseous predicts can b* used for co-situ 
paver gesuaratioo or other purposes and the liquid product wXJ bo 
higher in quality than conventionally xetartad shale oil. ltai 
ralativa rate of icturn which can be expected is illustrated by the 
"Ex. 2» situation designation od Figure 1. 

Table 1 lists cenbirwtioro of oil, shale grade*, thickneeeee 
and grade-thictaDee i*roducta ^ihich are generally suitable far wn 
I $ xd the present process, Tfas relative: positions of such grade 

tbidout* product* with respect to the relative rates of financial 
retrai are illustrated by tbe desigpfftions "Preferred to*ay<P.ft,J 
end Especially Picforrod Range* (H.P.p.J on figure 1. 
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TftHLB 1 

(rfrarte {gallops/taa) Puxtoess (fj Crane x Thictawss 
30 30 WO 
20 45 900 
10 90 900 

Mara desirable grade thickness eaesplea era rfwn as fcOULws* 



Grade fcaUloDs/tan) HfrlctattCS {aj Qnsde x Thidcnesg 

30 ISO 4500 

25 60 1500 

20 300 6000 

IS «W 9000 

10 225 22SO 



20 



lo ganasai, the higher the grade thickness product the more 
uewizublA. Oat practice! application is United only by the ability 
to heat the deeired interval. 
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Timid ftgt jjCgsaBgrtg 

Test* ware cantactttd in an co ccroppi nq of an oil shale 
foiiW- ion Wtich is typical of aiwtancially laymBaefrla and 
relatively thidc oil. ahalo dapeeitau Thirteen borehole* wn 
S drilled to dapth* between 6 and U ■ and mm Arranged to provide a 
pattern of beefe-injection, observation and tl^&TunCLctisxi veil*, 
with the borcholoa being spaaed About 0.6 a apart in onfcr to 
provide a relatively rapid aajtrbntion of data. But %** jn)oocofl 
at a rata of about 1000 watt* par raycr* for five daya. After tre 

JO heat-injection wall t**rjeratnr© bod reached 450 *C, a tonparcture 
fail-off test we* rub for one day. 

Figure 2 shows the vertical therxal profile* in an observation 
well, as a function of tiao. The data «a fitted to a mtbeaatical 
eolation describing the tcoperetttre dietribation araxri a 

33 finite-length line eonroa inatd© a rediuc of thermal ooftAictivity 
(parallel to bedding) 3.25 ocal/cuj-sec-^C and theneU condaetivity 
fpflg penrilrtil a ij 3.25 mexd/a * e ac ' »C «p~^f1^ heat onpodty 
utilized in the ml eolat ions ma rreviterl tan the theml 
conductivity, thamal diffasivity, and averag* otOX density of 

20 oorea recovered during drilling of the well*. The thraopbysical 

propartiea fbc the the oil bhale in etricti the teat* ware coridncted 
are sonnari&ed in labia 2. 



Initial Kcsonoir J to a jaxatnr e ».& *C 

Fischer Assay* 20 gallon/ton 

JJulX Dcnaityi 2.20 gj/cm 3 

Thereml DiffUeivityi 6.(x 10~ 3 c* 2 /a 

Specific acat Capacity: 0.224 0*1/91 *C 



Figure 3 abate radial profHee confuted fox the riddle of thai 
teatod 20m for variooB beating tine* (O . At the end of a 
2S tmpMTit\m hut I f K y taet of 140.5 hours, the average f um e li cp 
teapecafeuro between the beater and obeervation wall mm 120 °C. 
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Fi^iin 4 shews a cenparison of laboratory values and field 
data relative to the tharnal conductivity parallel tr> srd 
perpendicular to the bedding plane* of the oil ahnla fnnBtim, mm 
a function of bmqgttratur». Tfce Laboratory conductivity woaaarmeata 
s were rade on arjaceot anopleii of cores frao the cbserostioD well, 
luting flare core* cut parallel to and sn»e cut perpejxSXcular to tho 
bedding plana*, A nd trc^3n^tri06phar» woe uaad to eJiadnate 
cattriation reaction Tbm sanples «e ccoctrnlrcd in tho vertical 
direction but vara fr» to expand radially. After the radios wore 

10 heated to WW •C, the* radial expanaion e v m a v ad 1.45%. As show la 
ttm figotee, the laboratory value* are in excellent agreement with 
tho valuaa onyjtiyd fro* the field data. Tbo tevt» indicate that 
the theml conductivity la lnmr in the direction pcrpe*«Hcular to 
tivt bedding piano* because karocan laywjj have a lover coodoctivity 

15 than the doloiite vatrix. At texepcxatures below 10Q -C, the there*! 
conductivity ii# essentially ieotrrjpic, as observed in tho fiald 
tests. But, that conductivity rswcaee increasingly aniiontropic, ae 
the loarogen is rcocwed (at b eBp eretare a tetween 300 and 400 *c) and 
gas begins to cccopy the spaces baixuaii the layara» Jbcwe 700 *C t 

20 both the parallel and psrpeDdlcular conductivity cei r ee ee aherply 
due to the dacc^oeifcicfi of the doloeite and cpolut^m of CO^. 

When a subterranean oil ahnle ftnrw l f en la 1 initial the oil 
mheU impends as the tCD^rature increases, fihm the oil ehala 
tia^uratura raechas a kerngen pyrolyxing taeat a ture (far fflneple, 

25 Crr» about 27!>-i25 *c) additional azpaceion forces axe generated. 
Vha kerogen is ocowartcd to fluids capable of cceopying a larger 
volura than the karogan, and anch fluids banco© increasingly 
pressurized vtan the tteperatarc la increased. As acre fluid ia 
forood and sera fluid la heated, hydranlically induced tisuuims 

jo form withio the oil ahnlo Coueti on. 

Fractra e a tdiich are tydrsjulioally Induced within a ubtarrao agn 
earth fbraetione fbn along plros pexpendJjcular to the loaae of 
the three principal cnapreeei ye stresses (i.e./ one vertical and 
two Kutuilly nanT* nrt<ri ^ >r horizontal cojpxeeaive stresses) *Uch 

.V5 exist witnio any subterranean earth foraertion. Hnror, wfasra the 



1288043 



- is - 

hydraulic fractnrwi tend to bo vortit*l, hcrlfCTital ttacfcuree can 
ba fbraed ty iftjftuting heated £3uido co ttot tha well* of the 
vertical fractorca an* heated urti3 they swoli ataut. Then, by 
Increasing the fluid lnjectiio iira»aini to greaLer than crarbuxtfai 
pressvro, a hnrixontai fractur e can be fr***^ , fjoch processes Ear 
theznaiiy inducing tha fbntwtion of hcriacatai fract n rec by 
injecting caternally tested end poweooarittd fluid* eta cteacrihea In 
patanta such as the abew-tactianod U8 Patent Ho, 1,294,781; US 
Patant tto. 3,455,391 by C.S. M&tthma, P. Vamra «ad c.w. Vbiak p 
and US Patent Ho. 3,613,785 by P.J. Cloaan. 

applicants have cow diaoovvred that when substantially 
uTpanra ab l e AtbterraaQan oil shales having tbc presently 
ccafclnaxint) of grade end thicJacas wace conouctively hcatmO a* 
presently sp nni fieri ., a *ona of panieriaility ma iAto Loped between 
well* within the oil etaUa. Alttoogh tha present invwntion is noc 
preaiaed cm any particular aacbanJjn, in the course of such a 
tr eatmen t tha heated oil ahale behaved ea thaagn it was subjected 
to the abova-daacribed type of process for thaxeally moDCing the 
iocmtion of hoxiseatai fractures. Stach a behaviODx wea not 
predictable, sinco the praaent process la operated without any 
Injection of any fluid. It appsare that whan the present process la 
operated within an ixparaaable oil fihala, tba in alto, ^exadnn 
and *.q>lacencnt of heated axad highly pressurized flulda oeeura at 
tba taxaaa and to the extents reaead to euccassAvely extend and 
horieootally fracture through successive p ort inna of the oil shale, 
v*co those portions bacon condoctively heated, ttm zona being 
boated appears to undergo a relatively unifbzn, borwantal, radial 
expansion through t±» oil shale, at the rate eet by the thazval 
conductivity of tha oil shale, m each aucceemaa location in which 
a Xeroges pyxolyaing ba^paratu ra is reached, fluids appear to be 
formed, bested and pressurised ao that anbatantially any vortical 
fracturaa which are fiomed within tha hasted zona are subsequently 
converted to buxisontal fractures* 

Acplieaot*' teats indicated that substantially ell of the 
fluid pyrolysls products of the oil shale tended to renin in or 
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near the IccatioDs in which they were famed untU they wax* 
displaced, tbrcoqh wbetaotlAlly horizontal rxauturea, into wlb 
edjoiMog too teot-iirjacUDg wolla. In addition, the tractnre- 
i nduca ng presaoxo o£ flnirie in the hnrfantal fxacCarca appeare tr> 

5 hava b» j^tooed as thoa* fluids aqpandad end *exe ocolad as they 
owed away front Urn hotbaat parting 0 f the banted tone. 

the preeent pzoooea sea to indrce the eoving of a zone 
of k*iu>eu-iyrQly»iog twperatures thrraqh the oil shale 
iOTKtLKtaly behind a km of local 1ft>ri fanetagA ng in which the 

10 fracturea «ns, or soon beccs*, horizontal f ra c tur ee. The heating 
and fracturing m «mb to UDdargn a snbstaotlally cnixoon, 
horiaontal, radial expansion through tha oil shale, uutiJ tha eon* 
of fracturing reechaa a location (soah a* the boretole of a 
prochiutlm veil) frta which, tba oil ahalc pyrulyeiB product* are 

In addition, applicants have discovered that, at laaet wfcar* 
tha overburden pressure ia eaall, tha zone of pa xa w b lli ty that is 
created between adjacent walla retain* a aigaificantly high <tegree 
of payability *fter tha foraeticne have cooled. Sua it appears 

2Q that, even if the overterden preanze ia high, aa arcdicatim of 
tha preeent process ia capable of f ontln q a iaU3ri ntaxooraa^ tlag 
zodo In which tha permeability rvmina nioh or can he readily 
restored by an injection of fluid after eaee or all of tha heat bee 
dlftaipwted , And, the cogxa* end location of that payability can 

25 be controlled by controlling the rate of reaching, the 
producing valla. 

The date obtained by naaxurenenta in field testa of tha type 
deacribed above Maze incluaive oft the theznel conductivity of the 
Oil ahale zorzetim, the amount of oil recoverable by Fiecher 

30 analyeia at variooe deptha within heated intervale of the oil ahale 
before and after hunting, the acaa u raoeot of the msjxa of 
pyrolyeia rrocteta Jaaoouered, and the like, wMia no oopemioatioo 
extatad between heat Injector* end prod ooere at teat etaxt-up, 
injecticne at the end of the teat derail ra ted that peseaebie 

35 chanDQLi had fcnad, fhn results of etettterd engiraexino 
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cnladattora were byJhsxtSy* of the applicability of a c oncep t of 
the type described abov* to the results obtained by the tests. 

Pignrs 5 is a graph of Fiscnar A«y*y yields, from the target 
zcdc in the field t«wt # ao a function of depth 0, The hcatud 
interval itttoaM fro* 4.2 to 6 au liw solid curve ahem the y ields 
before the h c a t iog tj^stosert and the. dashed curve s*ow* the yxeldo 
after TBfvxting was ocx*)i«fc«3. IJw yields before and aftar w*re 
owwntialxy the *xe> outaido tha heated interval. The tcasummits 
were oada on cocas from tha centre of tha pattern before heatlrg 
and on cores about 13 an away after heating. Tha variations which 
are apparent in those yields ara within the oocaol liadts of 
accuracy for tha rawwrin? of. audi values* 

Niohiri tha haotad interval tbo flaeher Assay yi*3d drops Croa 
an average of 20 gallons/ton- before the tact to lass than 2 
gallces/tcn after heating. Tha ret or t ing efficiency within tha 
process tone nm thus better thao m of Fischer Assay. 

The pattern and extent of tbo recovery nmM.rna the fact that 
little oil «as lost over tha producing horizon through vertical 
fractures, m addition, tha ooiforaity in retorting efficiency 
through tha hasted tone, indicates that tharxal fronts ware 
aFpraciJBrtaly unifono over sost of tha haatad interval* 

lbs uniformity of the tharnert fronts la even cm apparent in 
Pigozaa f? and 7. Ttoey ahow horizontal and vertical temperature 
profiles calculated for a eat of vertical haatar s in a five spot 
square pattoou the set used in the calculations ijicludad four hast 
injectors and one oontra prodDoar (not shown, but centered batwaan 
the bcetora ana do tha figares) . each heator was aaauaed to be 
24 » long and heated at the rata of B14 N/nu 

•Jtoe pmff lea in figure 6 (graph* of teaporatuxe variations 
with distances frcw the heaters) sere calculated along a horizontal 
sc^coot Ijlj «hich extends through -the odd-pointe of haatars at 
npposice cornars of tha sonar*. Figure 7 is a similar graph of 
profiles along a vertical swgjoeot ^ on the axis of syanetry of 
t£s> pattern. 

Such calcslatdona indicate that by tha tine) retorting 



1288043 

- 19 - 

t©a*>araturefl (275-3*5 °C) art; reached at tha centre of the pattern, 
wore than 8n of ita wlw b« been ounvertsd while only about Ut 
of the carwartad volum hpted to acre than 325 •a furthraow, 
the calculations iriUcuba thnt If toe pcmcx la turned off or 

5 redbaad before the ocjttrw t— a tarojwt terperAtuLe euch aa 

325 *C, the 3 availing off of tba teal fncou will *H Ji beat tha 
centre oL tha pattern to retorting temperature* end wtU 
reduce tho t aaparatar a rim at the heatera* ttrla coda at operation 
can ensure that leaa them 10% of tha hatted volute la basted to 

10 nor* than w$ •c, and thus cao lacreaaa the thermal efficiency of 
tJ* proeeea. 

In view of tha above taat r#wolta and tie calculation* baaed 
on thoea reeoltOr it appear* trot, contra to the prior teaching* 
and belief*, tha initial Ir^wnrttiMUty of an oil shale <fcpoait can 

13 b3 utilised aa an advantage. Ibo initial ua^azaaahiUt? confixes 
tha fluids and fractnraa within tha wall pattern, alnsa oo 
pacnaabUity exist* until tha aooa between cbe teat-iirjectina and 
fXaAd-ptDduciay **lle beccjoe paraaated by a pattern of heat-lndbcod 
horizontal fractnree)* 

20 in tha present pnwwj, the rate at whkah beat ia trareailttad 

into tihf oil shalo deposit ia etronoly affected by the tcaporatuzo 
gr ad i e n t between a heat-iirj coring wall and tha surrounding earth 
formation. In a preferred procedure, tha oataminationa of 
variations "it* in tha coapoaition and ptopertiac of tha oil 

25 «hale depoait include a dotomination of tha pattaxn of heat 

conductivity with depth vithin tha earth f*~*h~*q adjacent to the 
he*t-icj acting veil. Based on such dateml net icae the temperatures 
to which at laaat one haat^injectlng wall la heated era arranged to 
be relatively high at the depths at which tha heat ooodaetiyitiem 

a> of tha adjacent earth formations arc relatively low. Thia tends to 
cause tha rata at which heat ie transalttod through the earth 
Conations to be substantially anifom alone tha axis of tha 
heat injecting well. MMan procedures can be utilized In order to 
provide higher temperature* In portion* of beat injecting wells 

j5 adjacent to earth foarntione of relatively low beat conductivity. 



for example, la veils which arc being faaated toy electrical 
resistances, Additional resistant elements can be positioned at 
the location at wbich estra heating Is required, preferably wltn 
precautions b*iog taken to avoid the creation of "run-eve? hot- 
epots" due to increasing temperature further increasing the 
resistance end time further increasing the beat! no, for example, 
ae deecribed in the commonly assigned: Canadlen patent application 
Serial Mo. 495,85* filed Hovember 21, 1988, by P. VanHeura end 
C.F. Veo Esmond, In welle beinp heated by combustion, wore, or 
larger, or sore heavily fired, burner element* can be positioned 
Id ouch locations. 

Suitable determinations of compositions and properties 
of the mineral* and/or organic coxpoments of an oil ahale deposit 
end the variations with depth in such properties can be made by 
neana of known well logging, reservoir sampling, and the like 
analytical procedures. The detarsioationa can utilise previously 
measured geophysical or geochemical data or laboratory or core 
analysts, etc, JTor exsaple, the variations with depth in the heat 
conductivity of toe adjacent formations can be determined by 
calculations based on tbe kinds and amounts of notarial* present p 

And; or by thermal conductivity lodging measurements, eto. 08 

» 

Patent Bo, 3,607,22? describes a logging tool containing a 
constant, output heat source and three temperature sensors tor 
obtaining m log of relative thermal conductivity with deptiu ut 
Patent ¥0. 3,892,120 describes logging cassd or open boreholes for 
temperature, specific beat and theraal conductivity , employing a 
constant output heat source and three temperature seniors. 03 
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•20a- 63293-2743 
Petant HO. 3,864,989 describe a logg«r tor slicing station 
Measurements of tbermal conductivity by beating a formation for a 
tiee thao measuring tba rate at which the temperature decays back 
to tba eiblent temperature. U8 Patent So. 3,*ol,l67 describee 
logging tbersal conductivity of a caaad veil by measuring the 
temperature at tba casing vail before and after passing a beatmd 
probe along the vail. 

Aa indicated above, even with respect to a fiva-spot 
pattern in vblofc a alogla fluid- producing veil la surrounded by 
four be*t»lnjeetlng veils, substantially all of tbe intervening, 
oil 
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shale ca> be both retorted and node oBrmable. However, the present 
invention i& preferably coployod ii\ a uuxlus ut ctxttdgcraa sevm- 
or tturt«a>-apot patterns — in either ol *bich pattsmw 
(particular ly in the thirta«v-yoC pattern) the retort log rzrtu in 
3 aiyaificwiUy incrwasad by having ear* f Urid-piGrt*?ing well 
airrocrKteta by six or twelve hairtr injecting tells. 

The wells used in the present process cod be cosplBtad by 
•uto*taotially any nathod for drilling a borehole into and/or 
opening a prs-wdstiog borehole into fUitd ooanamicatico with the 

10 subterranean oil shale £aasBtian to be uMd unoii -ihslA 

trsatnent interval- m addition to having the spacifiod obwncv of 
tfignificBst ascoiti of xnbila water, U Uc *n esq , and grade, of oil 
fchile, the interval to which the present proem in applied should 
be oapablo of ojofining fluid at lout sabataotially within tf» 

13 treatnent intervals at least in respect to allowing no aignificant 
leakage into overlying locations when the prascure of the fluid 
reaches process pressure r and fractures the focoation within the 
treataant interval. Ttm bonholau at walls cnaplsted for use in the 
pxcKutt process should bo substantially r^ 11 " 1 and separated by 

20 substantially equal distances of at least about 6 kl Borehole 

Buporatiia distaooatt betMass irrjwctnrw and p^*^"" of firm about 
9 to 30 a are partleularly suitable Boreholes frat of deviations 
fro* parallel, which cause variations of tore than about 20 per cent 
of the well distances an* particularly suitable. 

25 Bj the beat-injecUng nells used in the presen t process* the 

ccxent or ouasnb-liks HAtorial uhich is used to seal along thu facet 
of tha oil state forvtticn is preferably relatively haat*ocpdoctive 
and substantially fl uid-iisnarjDeabla , Particularly preferred cevents 
ana stabl* at t a ty eiaLn rss of at least about 800 *C, have a 

30 relatively hi#x thmrasl conductivities* relatively low pernavaSt 1 l.ty, 
little or no shrinkage, an adequate esse of payability and good 
otcedcal resistance* etc. ihe pest eeability and disposition of the 
sealing neterial should provide a aeal capable of preventing any 
significant asaait ol fluid flaw h etaa w the interior of the 

M borecole end the face of the oil ahale £a™tion f so that trat 
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txanwfer of heat from the wall to the fonaiticn la eobstenr jelly 
wntiraJy >y osnduction. ttarc portion* of the heat-injecting wall 
borehole are affijctdvoJy increased in diaflctcr near upper and lower 
cxtrcaities of thu Uealue g il interval, for exanple, by under- 
S reading, the dUnatars of the increaaad portions are preferably at 
least about UD% of the ncodnal tonahola duaaetar* Caldm 
aluainate ^ tied coocretes mtd/or carats containing oOiaiina- 
eilioate aggregates (or fina parUcJ.es) are particularly suitable 
for use aa such foraetion faca-aeaiing *wt*rrfca*, tx*x>l»9 of 

10 suitable cedents and concretes include those described is 05 
patents such as 3,379,252; 3,507,332 and 3,595,642. 

Pigura 8 show* a portion of a hCAt-Jnjocting wall borehole, 
borcholo 1, which is suitable for use in the present invention and 
la located within a fcroataant interval of subterranean oil shale 

35 deposit, ftoxeholc 1 ocotalna enlarged porticos, wach aa pnrHme 2 
and 3, which can be torrod by conventional procodoros such aa 
unferraatino daring drilling, etc. A. casing 4 is shown positioned 
within the borehole and omseafa a d into place with a ftuidr 
ixpersBBbli), h aab - c oodjeti^e Material, ea=h aa aeaenfc. 

20 Within each enlarged borehole portion, the casing 4 la 

equipped with at least one hsat-condactive wtal elenent, socn as 
collar 6, oontairdng rndially extensive elessnta or portions, such 
as flexible natal wnfoers 7. soch h ostr &and a etivo se&cdali form 
relatively highly conductive paths fnr conducting heat free) within 

25 the. interior of a borehole to substantially the wall of an enlarged 
portion of the borehole. Staples of suitable heetroonduotive xetal 
elenente inrflnrfr oetal wall ecratchere, turbulence indacers, 
oentsalieers and the lite saoh as a Bsaoer-Lok T grbctonoo ar, or 
Boltlok rornohcodar, available from Baker line division of Bate OU 

JO Tool* cor a 101 Bar 8 ocntralLcur available fron Antelope Oil tool 
ani Manufacturing Coxpany, etc. 

With an arsfaj e e e nt of the type shown in ftgare B, at least to 
eoaw exteofe, the jhsflfc of beat tLsieud»tted away from a heat 
injecting well csn be soda warm \rr\ fm along a vertical line 

J5 traversing a layer of relatively low beat conductivity without the 
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neesaaity of naintatnlng ft higher tanperDbjre Id the portion of the 
veil adjacent to that layer, ttan a untfooo tu^tsotun iu 
wr i nf /lined within tha interior of the boarebole, tha aartfa frxraatlon 
face alorrj *uch on snlar^d portion of the borehole b e coeae basted 
to substantially the sou! beejssatBi n as tha fnunUco face along 
nartwer portiens of toe borehole. Sine* the face of the rornation 
adjoining the borehole is boated to the W.gtewt terajsratare of any 
paction in tfaa foraetion, the t<ocerat*irc gradient extvodin? 
radially away from tba enlarged portion o£ tbe boxo-bole is shitted 
radially auey ten tba borehole. 

Tn general, tha (wiring of tba Jjitarior of tba heet-iojecttng 
well cod ba ecocaplished by substantially any type of basting 
devioe f such as coabusticn and/or electrical type of beating 
oLcKBDts, or the lifca. Tba basting elaoant should ewtend 
sobetantially throughout tts: trwtnsnt intarvml (preferably 
throj^out st 3fwt about 90 per cent of that interval) - fesre a 
ccrtxwption typa hooting eleeent is oeed, a gas-fired heater la 
pmferxadL Tba fbel and oxidants for a owtastion heater (such aa 
nathann and cocygenj aro proferafaly supplied trough separate 
conduits isadino through a heat e xchan g er in thioh tha fntraring 
fluids are basted by tha out£U*dx^ cogtastico products* tbo burnar 
housing and fluid conduits of a oosnustion heater ara preferably 
installed within a wll conduit vbicb is surrorjodsd by an annular 
space that is filled by tha ceeent for sealing the face of tha oil 
state, Generally auitabla types of ccsfaosl to n heaters which could 
ba arranged for os© in tha present process axa daacribad in 09 
Patents such aa 7,670,803* 2,780 ,4S0 and 2,902,270. 

An electrical resistance hoatsr la particularly suitable for 
barring tba interior of a n as t - in ^ecting aU in tba present 
process. A plurality of resistance elaaaata ara preferably need. 
Tba medstanea alsnenta can be sounted within or ottamal to so 
internal oonrtnit or cod# or aieply extended into tba boononolc. lten 
too rsMistancaa are sxtsrnel to, or axe free of a supporting 
slerant , such aa a conduit or rod, they are preferably e en e dd e d in 
the ccKcnt OUcb seals the face of tba oil stole along tha 
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txcatK ft flt interval. Gwmlly suitable types of electrical haabara 
which could be arranged for oaa in the present ptcceec are 
daaerihed In VS F&texrtS auth atf 2, 472, 445 r 2,«M f 0S3, 2,670,802? 
2,732,195 and 2,9*4,826. 
5 In various reaer*oJ.r situations, portions of an ail anal* 

deposit wfaicfc would, in oanetal* be suitable for uut una txeete e nt 
interval, as daetnS had in cur parmt arpUcAtico, coy bo paxnsatad 
by natural fracture and/or plana* of weakness. Such relatively 
vHk roc>s lay v&t&rgo relatively long axtanaiens of varticml 

IQ fxactura* whan pressurised Quids beting alaplaoad away fircn an 

injectloa wall at** into than, Tbis my mult in extending fluid 
passageways Jxyond tJto opening* into production w*U* arrVor Into 
adjacent aenzifera capable of causing an Inflow of «obar to ao 
oKtaitt dBtrinantal to the oil rooovoxy process. 

15 we. have nuw diuuevecad that such panwacuro fracture OKUcnsions 

can be avoided by drilling and banting "guard walla" within men 
relatively weak oil fihalo zcoaa is location* aurroucdiny a pattern 
of hact injecting and fluid producing mils and/or Id loranHnns 
intcrndttont b e tw e en a haat injactiog or fluid producing wdl and 

H» an adjacent aguifar. Such guard walla axe used for oontectively 
heating Che adjoining forsat terra substantially thronghent tha oil 
nhala intarwil bo ba treated bo a txacp eratu re which la too low to 
gasify aignif inapt p repcart ion s of the oil shale organic cexajonentfl 
but 15 nigja enough to onus* a significant tharael npararinn of tha 

25 rock*. Mum tho#» codes axe heated tha natural fractures) ore kayt 
closed and ttxa fracturing aauead by tha app'onaching pressurised 
flxdda (displaced away treat heat-Infecting walla) beads to be 
United to borlsental rxactxzsaa conceal rated along tha. aadaa n ee re at 
to tha haat-injacttng wells. Mere fluid producing veils are 

30 located substantially between the beat- injecting veils and tha 

guard veils, the fractures arc prafarantially aartandad into tans* 
wells, wbexc the high fluid erasures axe quickly xadboad by the 
production of the inflowing fluid. 

Tha encountering of such relatively nee* resexwedx recta is 

35 apt to be indicated by an inflow of water into well* drilled into 
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such rate, B3 gwmrnl, tha natural fiactonm errating c rvlTtivo 
nmeknew and/or water inflow can be ttanally olo&ed fay a 
nOatiuaJy *LL3 harelip , aa long fw tho fwctare potoalty is Dot 
ttccc than about 5 par cant* 



* 26 - 



C ft A I M S 



g_8843 



1. In a process in which oil is produced frm a ogbtennm oil 
pJmlm deposit by extending at iuut cm each of hest>iiajacting ml 
flnid-prcteing w*U» into the deposit, establishing a heat- 
oanductlve flirio>iapexi*3ahle barrier betwaan t±» interior of each 
hwkt-iniccting wall and tin adjocwrt deposit, and than heating ch* 
Sntsarfor of «*ch beat-In joctiog well at a t wpwtw iufMn<nt to 
uandnetively bast oil shale fcerogen and osnsa pyrolysia product* to 
fiom fractures within the oU shale deposit through which the 
pymlysift products ore diifalaced into at least ma production well, 
sp iaprcwnoerrt tor enhancing" the ini foraiity of tiv bast £xi ail a 
novin* through the oil shale deposit, Oiicb caapdsosi 

datmrirTiog variations with depch is the ccBpositjon and 
pscocrtiOfl of the oil shale deposit; 
cccapleting said bast-injacting and flujd^prcdacipQ wail* 
selectively into a tt ee ataant interval of oil abala in (Men 
the oil sbals deposit (ad is at least about 30 n thick, (b) is 
substantially latwmasihla snd free of noblXs vater, (c> has a 
OOCposltlOD sod tfr1r*fv»»e each that the prodnct of the ovwrago 
Fiechsr Assay orsde tines ths thickness of the treaunsnt 
interval is at least shoot 900, snd <d) thereby contains 
components capable of interacting in a xscoar enhancing tha 
unifomity of a front of conctacttvoly transmitted heat, with 
aaid wells being arranged wo that, at least sitntsntislly 
chrcoghaot said t rest as nt intserval, ths well boreholes are 
substantially parallaJ sod am separated by s sbatsntdflll y 
squaX distances of at least about 6 e; and 
within tbs interior of each hest-irrjscting well wdnUlning an 
average tastpexstur* which f selectively along said tzsatnaant 
interval, is at least about 600 *c, hot is not hi* enough to 
thernally darage egjapaent within the wall, while beat is 
being trsftsnitfced away frcm the vail at a rats not slgnl- 
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Wxantly factor than that peodtted by the t)aaal ccx>- 
AactivildjM of the earth ibinettiona *i>uwit to tha heotad 
interval within the well. 

2. C» process of claiai 3 in which, to the extent required to 
keep the ratu «rt whicti hot is trraarittad fcnrcpgh the oil shale 
deposit wbataftDtially uatiuaB along tb^ axes of the tested interval 
of the heac-injecting vail, the bsqperatuxe at which at 

least cm toet-injectln? yeU is heated is relatively higher at 
depths adjeowrt to p ortio n * of ihc oil shale deposit in which the 
boat oanductivitiee ore relatively lower, 

3. the process of claim 1 in which tha rata of hasting tba 
interior of at least one heat-injecting well is varied to an extort 
causing an effective levelling off of Che eternal front so that the 
rata of advance through the oil shale of the therml Crorvt in 
omrlnwd at aiwtmtially tha sum rate while the rata of Increase 
at t±M t*»©pereture wichin the boaeholo is significantly nodQced. 

4. Ttm peccees of dais 1 is ^1rh the haet-injeoting end 
fluid-pcodjcing veils are arranged in a series of contiguous 
patterns io which each fliiid-prodbcing veil is by at 
least four beat-injecting wells. 

5. Hbj iron a ae of daisi 4 in which each fluia-pscdKrtng well is 
eorcoUDasd by facaivw heafc-injg*ing wella. 

6. process of claln 1 in which the oil shale grade is at 
least about 20 gallons per ton and the gxadeHtoctoss protect is' 
at least about 4500. 

7. the process of claim 1, ccapriaing the stops of 

in each heat-injecting wel) , ecfaetentlally tbrcoghoot the 
treatsent interval emllTrj the face of the oil abale fnrrwtlm 
with e solid nmtsrial which ia relatively h eat- qppd h otiva and 
sj u b stap t ially fluid u g par j oaa blAi 

in at least one heat-injecting veil increasing the effective 
dueneuar of the borehole in at least one portion of the treatment 
interval and aattandifig at leoat coa beatroandoctive ratal eladsot 
frm vltJilA the interior of the borehole to naar tto face of tha 
ocxyilarged port 1m of the borehole? and 

in each Xluld-pcodusing well, e*etantially throughout the 
tiea t uait interval, establishing flnid ccemxdcatdcn bstasjen the 
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well tore titf the oil stale fnmntlon and ananging tha veil tor 
prodjcinq fJuid fro* ihe oil shale tones cioo. 

B. The process of dai» 7 in *hich taa retaodal — taHrj the fac» 
of the oil shiOji foroBtim along tb» bcratole ot a tsrt-injuctlog 
3 well La a oaneut ftmrnqad to fill substantially all of the space 
between the outnm^t s*tallicr tlaaent* vltiiin tho interior of tbc 
borehole and tha face of the oil thai* foxaatlan/ «ich said oanvmt. 
having a therml ooeductivity at Jew* wsaetanttally am high as 
that of tho oil ahala Baoanetioo. 

(0 9. The process of claim 1 ui which at least one vein located rear 
an edge of a patten) of beat-in j acting and nuid-fcoterincr valla is 
extfttfided Rsaetantially throughout tbm t raaftawt iatarwl cod hearted 
at a barpaxataira hitfi aruogh to ana a thanwil aseaattng and/or 
compressive ctrcsaing of tho- adjacent earth foraaticoB tot low 

15 enough to avoid significant theme! wrtri 1 1 nation of organic 
COflgonente of tha oil abala. 

10. Ote process of ol&ln 9 in t*iicfa at loast oca to heated well is 
siiaseo^ontly heated at about t&a t^aa^wiiitfjuie selected foe the 
heating of tha heat-injecting veils being exploded. 
20 11. Dte process of claim 1 in «dch the wall borecoles of aaid 
haat-in jaytim and fluid prodjoing valla am aaperatad by 
substantially equal distances of about 9 to 30 n. 
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cococnvKiy hbmfqb a soeobmmbmi OU, to 



ahala oil 1b atfcflscueotly p rofl a oefl fxm a a fcO orr a peap 
interval of oil shale, %aiwce the interval la initXaily 
substantially tneeamabl* and contains a ■perriftied gcade and 
thickness of oil ahala. Said interval la condocttwely haatad fron 
borabul* interiors which ana kept botoar fhwn about GOO *c and ar* 
heated at a rate soch that keroosn pyrolyale p rotet a Canned wittain 
the oil ahala czaata and Ho* tfarajoh faorianotal fcacttanaa which 
auoaaouflotly beocno cat aodad Into flnio^pcoajclog tmlls that are 
poaitioned la op a cifi e d iocationa* 



